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(57) ABSTRACT

There is provided a curable fluorine-containing polymer
composition which is quickly cured at relatively low tempera-
tures by hydrosilylation reaction and provides a coating film
which has high hardness, excellent solvent resistance and
flexibility. The curable fluorine-containing polymer compo-
sition comprises a fluorine-containing polymer comprising a
fluorinated ethylenic monomer unit and a non-fluorinated
ethylenic monomer unit, in which a part or the whole of the
non-fluorinated ethylenic monomer units is a unit represented
by the formula:

Rr!

—CH,—(C—

R*—X—R?

wherein R* is hydrogen or methyl; R? is a hydrocarbon group
having ethylenic C—C; X is —C(O)NH— or —C(0)—; R?
is —O—, —O[CH(R*)], 0—, —(CH,), 0—, —OC(O)—
(CH,),,0— or —(CH,),,0C(0)—(CH,),0—, where R* is
—H, —OH, —CH,OH or —O—X—R?, a siloxane com-
pound having hydrogen atom bonded to silicon atom, and a
catalyst for hydrosilylation reaction.
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1
CURABLE FLUORINE-CONTAINING
POLYMER COMPOSITION

TECHNICAL FIELD

The present invention relates to a curable fluorine-contain-
ing polymer composition which is cured by hydrosilylation
reaction.

BACKGROUND ART

Curable fluorine-containing polymer compositions com-
prising a fluorine-containing polymer having hydroxyl group
and prepared by copolymerizing a fluorinated ethylenic
monomer and a non-fluorinated ethylenic monomer (a part or
the whole of the non-fluorinated ethylenic monomer is a
non-fluorinated ethylenic monomer having hydroxyl group)
and a curing agent such as isocyanates, amino resins, acid
anhydrides, polyepoxy compounds or isocyanate group-con-
taining silane compounds are known compositions. However,
these curable fluorine-containing polymer compositions have
a problem that it takes time for curing and the compositions
must be heated to high temperature.

JP6-192524A proposes a curable fluorine-containing poly-
mer composition comprising a fluorine-containing polymer
having alkenyl groups and prepared by copolymerizing a
fluorinated ethylenic monomer, a non-fluorinated ethylenic
monomer and a monomer having at least two alkenyl groups
such as triallyl isocyanurate, an organopolysiloxane having
hydrogen atom bonded to silicon atom, and a catalyst for
hydrosilylation reaction.

Also, WO 2004/050758 proposes a curable fluorine-con-
taining polymer composition which is cured by hydrosilyla-
tion reaction by introducing a vinyl group or hydrogen atom
bonded to silicon atom to an end of a trunk chain or an end of
a side chain of a fluorine-containing polymer having methyl-
ene group such as a vinylidene fluoride (VDF) polymer and a
copolymer of ethylene and fluorine-containing olefin and
combining the polymer with a crosslinking agent.

The curable fluorine-containing polymer composition
whichis described in JP6-192524 A has a problem that a cured
article obtained by curing the composition has a significantly
low mechanical strength and is not practicable.

Also, the curable fluorine-containing polymer composition
which is described in WO 2004/050758 is one comprising, as
a main ingredient, a fluorine-containing polymer substan-
tially comprising vinylidene fluoride (VDF) as a main com-
ponent, and is not a curable fluorine-containing polymer com-
position which is cured by hydrosilylation reaction of a
fluorine-containing polymer prepared by copolymerizing a
fluorinated ethylenic monomer and a non-fluorinated ethyl-
enic monomer to introduce alkenyl group to its side chain.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide a curable
fluorine-containing polymer composition which is quickly
cured at relatively low temperatures by hydrosilylation reac-
tion and provides a coating film having high hardness, excel-
lent solvent resistance and flexibility.

A curable fluorine-containing polymer composition of the
present invention is characterized by comprising:

(A) a fluorine-containing polymer comprising repeating units
derived from a fluorinated ethylenic monomer and repeating
units derived from a non-fluorinated ethylenic monomer, in
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which a part or the whole of the repeating units derived from
the non-fluorinated ethylenic monomer is a repeating unit
represented by the formula:

Rl
—CH,—(C—

RI—X—R?

wherein R is hydrogen atom or methyl; R? is a monovalent
hydrocarbon group having ethylenic carbon-carbon double
bond; X is a group represented by —C(O)NH— or
—C(0)—; R?® is a group represented by —O—, —O[CH
(RH],0— —(CH,,0, —OCO)—CH,),0— or
—(CH,),,0C(0)—(CH,),0—, where R* is —H, —OH,
—CH,OH or —O—X—R? (in the formula, R* and X are as
defined above), “m” is an integer of 1 to 10, and “n” is an
integer of 1 to 10,

(B) a siloxane compound having hydrogen atom bonded to
silicon atom, and

(C) a catalyst for hydrosilylation reaction,

wherein an amount of hydrogen atom bonded to silicon atom
in the siloxane compound (B)is 0.1 to 20 moles based on one
mole of the monovalent hydrocarbon group having ethylenic
carbon-carbon double bond in the fluorine-containing poly-
mer (A), and an amount of the catalyst (C) for hydrosilylation
reaction is a catalytic amount.

BEST MODE FOR CARRYING OUT THE
INVENTION

The fluorine-containing polymer of the component (A) is
characterized by comprising repeating units derived from the
fluorinated ethylenic monomer and repeating units derived
from the non-fluorinated ethylenic monomer, in which a part
or the whole of the repeating units derived from the non-
fluorinated ethylenic monomer is a repeating unit represented
by the formula:

Rl
—CH,—(C—

R*—X—R?

In the formula, R" is hydrogen atom or methyl.

Also, in the formula, R* is a monovalent hydrocarbon
group having ethylenic carbon-carbon double bond.
Examples thereof are alkenyl groups such as vinyl group,
allyl group, isopropenyl group, butenyl group, pentenyl
group, hexenyl group, heptenyl group and octenyl group;
alkenyl-containing aryl groups such as vinyl phenyl group
and isopropenyl phenyl group; and alkenyl-containing
aralkyl groups such as vinyl phenyl methyl group and a group
represented by the formula:

ek
anWat
CH;

Also, in the formula, X is a group represented by —C(O)
NH— or —C(O)—. Further, in the formula, R? is a group
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represented by —O—, —O[CH([R™Y)],,0—, —(CH.,),,0—,
—OC(0)—(CH,), 0— or —(CH,),, OC(O)—(CH,),,0—.

R* in this formula is a group represented by —H, —OH,
—CH,OH or —O—X—R? (in the formula, R* and X are as
defined above). Also, in the formula, “m” is an integer of 1 to
10, and “n” is an integer of 1 to 10.

Examples of such a repeating unit are, for instance, the
following units.

—CH,—CH—
O—C—CH=CH,

¢}

—CH,—CH— CH;

0—(C—C=CH,

—CH,—CH—

O—(CHy)y— O0—C—CH==CH,

—CH,—CH— CH;

O—(CH,);—O0—C—C=—CH,

—CH,—CH—
O—(CH,);—O0—C—N—CH,— CH=CH,

H
—CH,—CH—

O—(CH2)4—O—|C—(CH2)5—CH=CH2

¢}

—CH,—CH— CH; CH;
(')—(CH2)4—O—C—N—é—®—é=CH2
§ 4 &
—CH,—CH—
CH,—0—C—N—CH,—CH=—CH,
—CH,—CH— CH; CH;
éHZ—O—C—N—éOé=CHZ
Dol
—CH,—CH—

CHZ—O—ﬁ—(CHZ)G—CH=CH2

0
—CH,—CH—

O—(CH2)4—O—ﬁ—Il\I—(CH2)4—O—ﬁ—CH=CH2

O H

—CH,—CH— CH;

O—(CH2)4—O—C—N—(CH2)4—O—ﬁ—C=CH2

In the fluorine-containing polymer of the component (A),
examples of the repeating unit derived from the fluorinated
ethylenic monomer are one or two or more kinds of repeating
units derived from perhaloolefins such as tetrafluoroethylene
(TFE), perfluoro(alkyl vinyl ether) (PAVE), hexafluoropro-
pylene (HFP) and chlorotrifluoroethylene (CTFE); and fluo-
roolefins such as trifluoroethylene (TrFE), vinylidene fluo-
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ride (VdF) and ethylene fluoride, preferably a repeating unit
derived from at least one monomer selected from the group
consisting of tetrafluoroethylene, hexatluoropropylene, chlo-
rotrifluoroethylene and trifluoroethylene. Especially, perha-
loolefins are preferable from the viewpoint of weather resis-
tance, solvent resistance and chemical resistance, and more
especially perfluoroolefins are preferable from the viewpoint
of weather resistance, solvent resistance, chemical resistance
and corrosion resistance. From the viewpoint of weather
resistance, solvent resistance and chemical resistance, this
repeating unit derived from fluoroolefin is contained in an
amount of preferably 1 to 50% by mole, further preferably 10
to 50% by mole, especially preferably 20 to 50% by mole
based on the whole repeating units constituting the fluorine-
containing polymer (A).

The fluorine-containing polymer (A) can be prepared by
reaction of a fluorine-containing polymer (hereinafter
referred to as “starting fluorine-containing polymer (Al)”)
comprising repeating units derived from the fluorinated eth-
ylenic monomer and repeating units derived from the non-
fluorinated ethylenic monomer, in which a part or the whole
of' the repeating units derived from the non-fluorinated ethyl-
enic monomer is a repeating unit represented by the formula
(Al):

—CH,—C—

RS

with a compound represented by the formula (A2):

RZ—Y

(hereinafter referred to as “starting compound (A2)”).

With respect to the starting fluorine-containing polymer
(A1), in the formula (A1), R! is hydrogen atom or methyl; R’
is a group represented by —OH, —O[CH(R®)],,OH,
—(CH,),,OH, —OC(0)—(CH,), OH or —(CH,),,0C(0)—
(CH,),OH (in the formula, R is a group represented by —H,
—OH or—CH,O0H, “m” is an integer of 1 to 10, and “n” is an
integer of 1 to 10.

In the starting fluorine-containing polymer (A1), examples
of the repeating unit represented by the formula (Al) are
preferably repeating units derived from hydroxyl-containing
vinyl monomers such as hydroxyalkyl vinyl ether and
hydroxyalkyl allyl ether; hydroxyl-containing (meth)acrylic
monomers such as hydroxyalkyl methacrylate and hydroxy-
alkyl acrylate; and hydroxyl-containing monomers such as
hydroxyalkyl vinyl ester. Especially, in the hydroxyl-contain-
ing vinyl monomers, examples of hydroxyalkyl vinyl ether
are hydroxybutyl vinyl ether, hydroxypropyl vinyl ether and
hydroxyethyl vinyl ether, and preferred examples of hydroxy-
alky] allyl ether are 2-hydroxyethyl allyl ether, 4-hydroxybu-
tyl allyl ether and glycerol monoallyl ether. From the view-
point of polymerization reactivity with fluoroolefin,
hydroxyalkyl vinyl ether, hydroxyalkyl allyl ether and
hydroxyalkyl vinyl ester are especially preferred.

Also, in the starting fluorine-containing polymer (Al),
examples of the repeating unit derived from the fluorinated
ethylenic monomer are the same repeating units as exempli-
fied above. This fluorine-containing polymer may contain
repeating unit other than the repeating unit derived from the
fluorinated ethylenic monomer and the repeating unit derived
from the non-fluorinated ethylenic monomer having
hydroxyl group. Examples of such a repeating unit are repeat-
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ing units derived from alkyl vinyl ethers such as methyl vinyl
ether, ethyl vinyl ether, propyl vinyl ether, butyl vinyl ether,
n-hexyl vinyl ether, n-octyl vinyl ether, 2-ethylhexyl vinyl
ether, benzyl vinyl ether, octadecyl vinyl ether and cyclohexyl
vinyl ether; olefins such as ethylene, propylene, n-butene,
isobutylene, 2-butene, cyclobutene, 3-methyl-1-butene,
cyclopentene, cyclohexene, cycloheptene and cis-cy-
clooctene; and vinyl esters such as vinyl acetate, vinyl for-
mate, vinyl pivalate, vinyl caproate, VeoVa9 (registered trade
mark) (trade name of Shell Chemical Co., Litd.), VeoValO
(registered trade mark) (trade name of Shell Chemical Co.,
Ltd.), vinyl caprylate, vinyl laurate, vinyl myristate, vinyl
palmitate, vinyl stearate, vinyl oleate, vinyl benzoate, vinyl
p-t-butyl benzoate and vinyl cyclohexyl carboxylate.

A process for preparing the starting fluorine-containing
polymer (A1) is not limited particularly, and the polymer can
be prepared, for example, by usual radical polymerization
process. Specifically, a monomer giving the repeating unit of
the formula (A1) is subjected to polymerization usually by an
emulsion, suspension or solution polymerization process by
using a polymerization solvent and a polymerization initiator.
Polymerization temperature is usually 0° C. to 150° C., pret-
erably 5° C. to 95° C. in any of the polymerization processes.
Polymerization pressure is usually 0.1 to 10 MPaG (1 to 100
kegflem®G) in any of the polymerization processes.

A number average molecular weight of the starting fluo-
rine-containing polymer (A1) which is measured by gel per-
meation chromatography (GPC) using tetrahydrofuran as an
eluate is 1,000 to 1,000,000, preferably 3,000 to 50,000, and
its glass transition temperature (2”¢ run) measured with a
differential scanning calorimeter (DSC) is 10° C. to 60° C.,
preferably 20° C. to 40° C.

In an emulsion polymerization process, water is used as a
polymerization solvent, and in a suspension polymerization
process, for example, water, tert-butanol, 1,1,2-trichloro-1,2,
2-trifluoroethane, 1,2-dichloro-1,1,2,2-tetrafluoroethane or a
mixture thereof is used as a polymerization solvent. In a
solution polymerization process, there are esters such as
methyl acetate, ethyl acetate, propyl acetate, n-butyl acetate
and tert-butyl acetate; ketones such as acetone, methyl ethyl
ketone and cyclohexanone; aliphatic hydrocarbons such as
hexane, cyclohexane, octane, nonane, decane, undecane,
dodecane and mineral spirit; aromatic hydrocarbons such as
benzene, toluene, xylene, naphthalene and solvent naphtha;
alcohols such as methanol, ethanol, tert-butanol, iso-pro-
panol and ethylene glycol monoalkyl ether; cyclic ethers such
as tetrahydrofuran, tetrahydropyran and dioxane; dimethyl
sulfoxide, and a mixture thereof.

Examples of a usable polymerization initiator are, for
instance, persulfates such as ammonium persulfate and potas-
sium persulfate (if necessary, a reducing agent such as sodium
hydrogen sulfite, sodium pyrosulfite, cobalt naphthenate or
dimethyl aniline can be used together); redox initiators com-
prising an oxidizing agent (for example, ammonium perox-
ide, potassium peroxide or the like), a reducing agent (for
example, sodium sulfite or the like) and a transition metal salt
(for example, iron sulfate, or the like); diacyl peroxides such
as acetyl peroxide and benzoyl peroxide; dialkoxycarbonyl
peroxides such as isopropoxycarbonyl peroxide and tert-bu-
toxycarbonyl peroxide; ketone peroxides such as methyl
ethyl ketone peroxide and cyclohexanone peroxide; hydrop-
eroxides such as hydrogen peroxide, tert-butyl hydroperoxide
and cumene hydroperoxide; dialkyl peroxides such as di-tert-
butyl peroxide and dicumyl peroxide; alkyl peroxyesters such
as tert-butyl peroxyacetate and tert-butyl peroxypivalate; and
azo compounds such as 2,2'-azobisisobutyronitrile, 2,2'-azo-
bis(2,4-dimethylvaleronitrile),  2,2'-azobis(2-methylvale-
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6
ronitrile), 2,2'-azobis(2-cyclopropylpropionitrile), dimethyl
2,2'-azobis(isobutyrate), 2,2'-azobis|2-(hydroxymethyl)pro-
pionitrile] and 4,4'-azobis(4-cyanopentenoate).

The starting compound (A2) reacts with hydroxyl group in
the starting fluorine-containing polymer (Al) to introduce a
monovalent hydrocarbon group having ethylenic carbon-car-
bon double bond to the obtained fluorine-containing polymer
(A).

In this starting compound (A2), in the formula, R? is a
monovalent hydrocarbon group having ethylenic carbon-car-
bon double bond, and there are exemplified the same groups
as above.

Also, in the formula (A2), Y is a group represented by
—NCO, —C(0)Br or —C(O)Cl. Examples of such a com-
pound are unsaturated fatty acid halides such as acrylyl chlo-
ride, acrylyl bromide, crotonic acid chloride, crotonic acid
bromide, undecylenic acid chloride and undecylenic acid bro-
mide; and isocyanate compounds such as allyl isocyanate and
1,1-dimethyl-1-vinylphenylmethyl isocyanate, and isocyan-
ate compounds are preferred and allyl isocyanate is especially
preferred.

In the above-mentioned reaction, the amount of starting
compound (A2) having a group reactable with hydroxyl
group is within a range from 0.01 to 10 moles, especially
preferably from 0.05 to 2 moles based on 1 mole of hydroxyl
group in the starting fluorine-containing polymer (Al).

Example of the so-prepared fluorine-containing polymer
of the component (A) is preferably a fluorine-containing
polymer comprising a repeating unit represented by the for-
mula (1):

—(CF,—CFZ)—

wherein 7 is a group represented by —H, —Cl, —F or—CF;,
a repeating unit represented by the formula (2):

Rl
—CH,—C—

RP—X—R?

wherein R' is hydrogen atom or methyl; R? is a monovalent
hydrocarbon group having ethylenic carbon-carbon double
bond; X is a group represented by —C(O)NH— or
—C(0)—; R? is a group represented by —O—, —O[CH
(R"],,0— —(CH,),,0—, —OC(0)—(CH,),0— or
—(CH,),,0C(0)—(CH,),0—, where R* is a group repre-
sented by —H, —OH, —CH,OH or —O—X—R? (in the
formula, R and X are as defined above), “m” is an integer of
1 to 10, and “n” is an integer of 1 to 10, a repeating unit
represented by the formula (3):

Rl
—CH,—C—

(CH,),—O—7R’

wherein R* is hydrogen atom or methyl; “a” is 0 or 1; R” is
hydrogen atom or a substituted or un-substituted monovalent
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hydrocarbon group having no ethylenic carbon-carbon
double bond, a repeating unit represented by the formula (4):

Rl
—CH,—C—

(CHy);—O0—C—R’

wherein R is hydrogen atom or methyl; “a” is 0 or 1; R” is
hydrogen atom or a substituted or un-substituted monovalent
hydrocarbon group having no ethylenic carbon-carbon
double bond, a repeating unit represented by the formula (5):

R R!

—CH—C—

Cc—O0—F~R’

e}

wherein R' s are the same or different and each is hydrogen
atom or methyl; R is hydrogen atom or a substituted or
un-substituted monovalent hydrocarbon group having no eth-
ylenic carbon-carbon double bond, and a repeating unit rep-
resented by the formula (6):

R R!
I P
L

wherein R's are the same or different and each is hydrogen
atom or methyl. In the formulas, R” is hydrogen atom or a
substituted or un-substituted monovalent hydrocarbon group
having no ethylenic carbon-carbon double bond, and
examples thereof are alkyl groups such as methyl, ethyl,
propyl, butyl, pentyl, heptyl and octyl; aryl groups such as
phenyl, tolyl and xylyl; aralkyl groups such as benzyl and
phenethyl; chloroalkyl groups such as chloromethyl and
chloroethyl; chloroaryl groups such as chlorobenzyl; and
hydroxyalkyl groups such as hydroxyethyl.

Examples of the monomer giving the repeating unit (1)
represented by the formula (1) are tetrafluoroethylene (TFE),
hexafluoropropylene (HFP), chlorotrifluoroethylene (CTFE)
and trifluoroethylene (TrFE).

The repeating unit (2) represented by the formula (2) and
preferable examples thereof are the same as the repeating unit
of'the formula (2) and examples thereof explained supra, and
also the method of introducing ethylenic carbon-carbon
double bond can be employed.

Examples of the monomer providing the repeating unit (3)
represented by the formula (3) are, for instance, vinyl ethers,
and examples of alkyl vinyl ethers are methyl vinyl ether,
ethyl vinyl ether, n-propy! vinyl ether, isopropy! vinyl ether,
n-butyl vinyl ether, isobutyl vinyl ether, sec-butyl viny] ether,
tert-butyl vinyl ether, isoamyl vinyl ether, n-hexyl vinyl ether,
cyclohexyl vinyl ether, n-octyl vinyl ether, 2-ethylhexyl vinyl
ether, n-decyl vinyl ether, cetyl vinyl ether, octadecyl vinyl
ether, 2-chloroethyl vinyl ether and 2,2,2-trifluoroethyl vinyl
ether. Examples of aromatic vinyl ethers are phenyl vinyl
ether, o-cresyl vinyl ether, p-cresyl vinyl ether, p-chlorophe-
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8

nyl vinyl ether, ci-naphthyl vinyl ether and -naphthyl vinyl
ether. Examples of alkyl allyl ethers are methyl allyl ether,
ethyl allyl ether, butyl allyl ether and cyclohexyl allyl ether.
Examples of hydroxyalkyl vinyl ethers are hydroxybutyl
vinyl ether, hydroxypropyl vinyl ether and hydroxyethyl
vinyl ether. Examples of hydroxyalkyl allyl ethers are 2-hy-
droxyethyl allyl ether, 4-hydroxybutyl allyl ether and glyc-
erol monoallyl ether.

Examples of the monomer providing the repeating unit (4)
represented by the formula (4) are, for instance, vinyl esters
such as vinyl acetate, vinyl formate, vinyl pivalate, vinyl
caproate, vinyl caprylate, VeoVa9 (registered trade mark) (vi-
nyl versatate comprising carboxylic acid having 9 carbon
atoms and being available from Shell Chemical Co., [.td.),
VeoValO (registered trade mark) (vinyl versatate comprising
carboxylic acid having 10 carbon atoms and being available
from Shell Chemical Co., Ltd.), vinyl caprate, vinyl laurate,
vinyl myristate, vinyl palmitate, vinyl stearate, vinyl oleate,
vinyl benzoate, vinyl p-t-butyl benzoate and vinyl cyclohexyl
carboxylate. From the viewpoint of reactivity, weather resis-
tance, chemical stability, compatibility with additives and
compatibility with the curing agent, vinyl pivalate, vinyl ben-
zoate, vinyl p-t-butyl benzoate and VeoVa9 (registered trade
mark) are preferred.

Examples of the monomer providing the repeating unit (5)
represented by the formula (5) are, for instance, lower alkyl
esters of (meth)acrylic acid such as methyl acrylate, n-butyl
acrylate, methyl methacrylate, ethyl methacrylate and n-butyl
methacrylate; alkyl esters of (meth)acrylic acid having 4 to 10
carbon atoms such as 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, cyclohexyl acrylate and cyclohexyl methacry-
late; unsaturated carboxylic acids such as acrylic acid, meth-
acrylic acid, maleic acid and crotonic acid; and hydroxyl-
containing monomers such as hydroxyethyl acrylate,
hydroxyethyl methacrylate, hydroxypropyl acrylate and
hydroxypropyl methacrylate.

Examples of the monomer providing the repeating unit (6)
represented by the formula (6) are, for instance, ethylene,
propylene, isobutylene and 2-butene, and from the viewpoint
of solubility in an organic solvent, optical properties and
electrical properties, propylene and isobutylene are preferred.

Itis preferable that the repeating unit (1), the repeating unit
(2), the repeating unit (3), the repeating unit (4), the repeating
unit (5) and the repeating unit (6) are contained in an amount
of'1 to 50% by mole, 1 to 50% by mole, 0 to 98% by mole, 0
to 98% by mole, 0 to 98% by mole, and 0 to 98% by mole,
respectively, when the amount of the whole repeating units
constituting the fluorine-containing polymer (A) is 100% by
mole.

As mentioned above, the repeating units (3) to (6) are
optional components, but at least one of them is contained in
the fluorine-containing polymer (A). Non-limiting examples
of preferred combination of the repeating units of this fluo-
rine-containing polymer are as follows.

(1)/(2)/(3) (1 to 50/1 to 50/0 to 98 in a percent by mole ratio)
(1)/(2)/(4) (1 to 50/1 to 50/0 to 98 in a percent by mole ratio)
(D/(2)/(5) (1 to 50/1 to 50/0 to 98 in a percent by mole ratio)
(1)/(2)/(6) (1 to 50/1 to 50/0 to 98 in a percent by mole ratio)
(1/(2)/(3)/(4) (1 to 50/1 to 50/1 to 97/1 to 97 in a percent by
mole ratio)

(D/(2)/(@)/(6) (1 to 50/1 to 50/1 to 97/1 to 97 in a percent by
mole ratio)

A number average molecular weight which is measured by
gel permeation chromatography (GPC) using tetrahydrofu-
ran as an eluate is 1,000 to 1,000,000, preferably 3,000 to
50,000, and a glass transition temperature (2" run) measured
with a differential scanning calorimeter (DSC) is —=10° C. to



US 9,127,114 B2

9

120° C., preferably 0° C. to 100° C. If the molecular weight is
too small, when a coating composition is prepared, hardness
of'the obtained coating film is insufficient, and if the molecu-
lar weight is too large, a viscosity of the composition becomes
large, thereby making handling difficult.

Next, the siloxane compound of the component (B) func-
tions as a crosslinking agent in the curable fluorine-contain-
ing polymer composition of the present invention, and is
characterized by having hydrogen atom bonded to silicon
atom (hydrogen atom directly bonded to silicon atom).

Example of the siloxane compound of the component (B)
is a siloxane compound having a diorganosiloxy group (b1)
represented by the formula (b1):

—O—SiR%,H

where R® is a monovalent hydrocarbon group which has 1 to
10 carbon atoms and does not have ethylenic carbon-carbon
double bond.

Examples of the diorganosiloxy group (bl) are, for
instance, a group represented by the formula:

—O—Si(CH3),H,

a group represented by the formula:
—O—Si(C¢Hs)-H,

a group represented by the formula:
—O—Si(CH;)(CHs)H,

and a group represented by the formula:
—O—Si(C,Hs),H,

and especially the group represented by the formula:
—O—Si(CH,),H

is preferred from the viewpoint of satisfactory reactivity in the
hydrosilylation reaction.

Example of the siloxane compound (B) is a siloxane com-
pound (B1) represented by the formula (B1):

R?,SI(OR™), ,

wherein R® is a substituted or un-substituted monovalent
hydrocarbon group, an organic group having (meth)acryl
group or an organic group having epoxy group; R'° is a
monovalent hydrocarbon group having no ethylenic carbon-
carbon double bond or a diorganosilyl group (b2) represented
by the formula (b2):

—SiR%,H
wherein R® is a monovalent hydrocarbon group which has 1 to
10 carbon atoms and does not have ethylenic carbon-carbon
double bond; at least two R'%s in one molecule are the dior-
ganosilyl groups (b2); “b” is an integer of 0 to 2, or
a siloxane compound (B2) represented by the formula (B2):
Rgcl(RIOO)SiclSiiRI17SiRgc2(ORlo)37c2

wherein R® is a substituted or un-substituted monovalent
hydrocarbon group, an organic group having (meth)acryl
group or an organic group having epoxy group; R'° is a
monovalent hydrocarbon group having no ethylenic carbon-
carbon double bond or a diorganosilyl group (b2) represented
by the formula (b2):

—SiR%,H
wherein R® is a monovalent hydrocarbon group which has 1 to
10 carbon atoms and does not have ethylenic carbon-carbon
double bond; at least two R'%s in one molecule are the dior-
ganosilyl groups (b2); R'! is a divalent organic group; c1 is an
integer of 0 to 3; ¢2 is an integer of O to 3; both of c1 and ¢2
are not 3 at the same time, or
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10
a siloxane compound (B3) represented by the average unit
formula (B3):

(HR82SIO l/2)d(R8S i03/2)e(s iO4/2)f

wherein R® is a monovalent hydrocarbon group which has 1 to
10 carbon atoms and does not have ethylenic carbon-carbon
double bond; “d” is a positive number; “e” is 0 or a positive
number; “f” is 0 or a positive number; d/(e+f) is a number of
from 0.5 to 1.9. In the formula, R® is a monovalent hydrocar-
bon which has 1 to 10 carbon atoms and does not have
ethylenic carbon-carbon double bond, and examples thereof
are alkyl groups such as methyl, ethyl, propyl, butyl, pentyl
and hexyl; aryl groups such as phenyl, tolyl and xylyl; and
aralkyl groups such as benzyl and phenethyl. Also, in the
formula, R® is a substituted or un-substituted monovalent
hydrocarbon group, an organic group having (meth)acryl
group or an organic group having epoxy group, and examples
of a substituted or un-substituted monovalent hydrocarbon
group of R? are alkyl groups such as methyl, ethyl, propyl,
butyl, pentyl, and hexyl; alkenyl groups such as vinyl, allyl
and pentenyl; aryl groups such as phenyl, tolyl and xylyl; and
aralkyl groups such as benzyl and phenethyl. Examples of an
organic group having (meth)acryl group of R® are 3-meth-
acryloxypropyl group and 3-acryloxypropyl group, and
examples of an organic group having epoxy group of R® are
3-glycycloxypropyl group, 2-(3,4-epoxycyclohexyl)-ethyl
group and 4-oxiranylbutyl group. Also, in the formula, R*° is
amonovalent hydrocarbon group having no ethylenic carbon-
carbon double bond, and examples thereof are the same as in
R®.

Examples of the siloxane compound (B1) are a siloxane
compound represented by the formula:

CH;Si{OSi(CH,),H},

a siloxane compound represented by the formula:

CH3(C6H5)SI{OSI(CH3)2H}2,

a siloxane compound represented by the formula:

C3H,Si{OSi(CH, ), H} 3,

a siloxane compound represented by the formula:

C4H,Si{OSi(CH;),H} 5,

a siloxane compound represented by the formula:

CH 3 SH{OSi(CH3)5H 5,

a siloxane compound represented by the formula:

CgH,/Si{OSi(CH;),H} 5,

a siloxane compound represented by the formula:

CeHsSi{OSi(CH ), H} 3,

a siloxane compound represented by the formula:

(CoHs),Si{Si(CH;),H},

a siloxane compound represented by the formula:

CF,C,H,Si{0Si(CH,),H}s,

a siloxane compound represented by the formula:

CgF 0o SH{OSI(CH, ), H} 5,
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a siloxane compound represented by the formula:

CH;
CH2=C—|C—O—(CH2)3—Si{OSi(CH3)2H}3,

¢}

a siloxane compound represented by the formula:

CH, —CH—CH,—0— (CH,);— Si{OSi(CH;),H}3,

(¢}

a siloxane compound represented by the formula:

CH, —CH,—Si {OSi(CH3),H}3,
o]

a siloxane compound represented by the formula:

CH; CH;
CH,=C—C—0— (CH,);—Si{08i(CH;),H}>,

e}

a siloxane compound represented by the formula:

CH;

CH,—CH—CH,— 0—(CHy);—Si{OSi(CH;),H}>,

a siloxane compound represented by the formula:

CH;
CH,—CH,—Si{OSi(CHz),H}»,
0

and the like, and from the viewpoint of satisfactory compat-
ibility with the above-mentioned component (A), the siloxane
compound represented by the formula:

CH;
CH,=C—C—O0— (CH,);—Si{OSi(CH;),H};
(6]
is preferred.

Examples of the siloxane compound (B2) are a siloxane
compound represented by the formula:

{(CH,),HSi0},8i—C,H,—Si{OSi(CH;),H},,

a siloxane compound represented by the formula:

{(CH;),HSi0}38i—C4H»—Si{OSi(CH;),H}3,
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a siloxane compound represented by the formula:

{(CH;),HSiO},CH;Si—C,H,—SiCH,{OSi(CH,),
H}s,

a siloxane compound represented by the formula:

{(CH;),HSiO},CH;Si—C4H ,—SiCH,{OSi(CH,),
H}s,

a siloxane compound represented by the formula:
{(C4Hs),HSi0}38i—C,H,—Si{OSi(C¢Hs),H} 5,
a siloxane compound represented by the formula:
{(C4Hs),HSI0}38i—CeH, ,—Si{OSi(CcHs),H} 3,
a siloxane compound represented by the formula:
{(CH3),HSiO}3Si—C3Hg(OC,Hy),,(OC3Hy),,
OC;H—Si{OSi(CH;),H},

[Tt}

(in the formula, “m” is an integer of 0 or more, “n” is an
integer of 0 or more, and “m” and “n” are not 0 at the same
time), and the like, and from the viewpoint of satisfactory
compatibility with the above-mentioned component (A), the
siloxane compound represented by the formula:

{(CH3),HSiO}3Si—C,H,—Si{OSi(CH;),H}3,
and the siloxane compound represented by the formula:
{(CH3),HSiO}3Si—CeH,,—Si{OSi(CH;),H};

are preferred.
Examples of the siloxane compound (B3) are a siloxane
compound represented by the average unit formula:

{H(CHS)2Siol/2}d(SiO4/2)j'a

a siloxane compound represented by the average unit for-
mula:

{H(CH3)2 Sio l/2}d(CH3S i03/2)e’(SiO4/2)/'5

a siloxane compound represented by the average unit for-
mula:

{H(CH3)2 Sio 1/2}d(C6H5 Si03/2)e’(sio4/2)fa

a siloxane compound represented by the average unit for-
mula:

{H(CH3)2 Sio l/2}d(CH3S i03/2)e’5

a siloxane compound represented by the average unit for-
mula:

{H(CH3)2 Sio 1/2}d(C6H5 Si03/2)e’5

a siloxane compound represented by the average unit for-
mula:

{H(CHS)(CGHS) Sio 12 }d(SiO4/2)j'>

and the like (in the above formulas, any of “d”, “e¢"” and “f'”
are positive numbers), and from the viewpoint of satisfactory
compatibility with the above-mentioned component (A), the
siloxane compound represented by the average unit formula:

{H(CHS)2Siol/2}d(SiO4/2)j'a

(in the above formula, any of “d” and “f”” are positive num-
bers) is preferred.

In the composition of the present invention, the siloxane
compound (B) is contained in such an amount that the amount
of hydrogen atom bonded to silicon atom in the siloxane
compound (B) is within a range from 0.1 to 20 moles, espe-
cially preferably from 0.1 to 10 moles based on 1 mole of the
monovalent hydrocarbon group having ethylenic carbon-car-
bon double bond in the fluorine-containing polymer (A). This
is because when the amount of component (B) is less than the
above-mentioned lower limit, there is a tendency that the
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obtained composition is not cured sufficiently, and when the
amount exceeds the above-mentioned upper limit, mechani-
cal properties of the obtained cured article tends to be low-
ered.

Next, the catalyst of the component (C) for the hydrosily-
lation reaction is a catalyst for accelerating the hydrosilyla-
tion reaction of the composition of the present invention.
Examples of the catalyst are platinum catalyst, palladium
catalyst, rhodium catalyst, ruthenium catalyst, and iridium
catalyst, and platinum catalyst is preferred since it is rela-
tively easily obtainable. Examples of platinum catalyst are
chloroplatinic acid, alcohol-modified chloroplatinic acid,
carbonyl complex of platinum, olefin complex of platinum,
and alkenylsiloxane complex of platinum.

In the composition of the present invention, the amount of
catalyst (C) for the hydrosilylation reaction is a catalytic
amount accelerating the curing of the composition of the
present invention, and specifically in the composition of the
present invention, an amount in mass unit of metallic catalytic
is within a range preferably from 0.1 to 1,000 ppm, especially
preferably from 1 to 500 ppm. This is because when the
amount of component (C) is less than the above-mentioned
lower limit, there is a tendency that curing of the obtained
composition cannot be accelerated sufficiently, and when the
amount exceeds the above-mentioned upper limit, a problem
with coloration of the obtained cured article tends to occur.

The composition of the present invention may contain a
reaction-inhibiting agent, for example, acetylene alcohol
such as 1-ethynyl-1-cyclohexanol, 2-ethynylisopropanol,
2-methyl-3-butyn-2-ol, 3,5-dimethyl-1-hexyn-3-ol or 2-phe-
nyl-3-butyn-2-o0l; alkenylsiloxane such as 1,3,5,7-tetravi-
nyltetramethylcyclotetrasiloxane; maleate compound such as
diallyl maleate, dimethyl maleate or diethyl maleate; triallyl
cyanurate, or triazole. By blending a reaction-inhibiting
agent, there is exhibited an effect that the obtained composi-
tion can be of one-component type and a pot life (usable
period) of the obtained composition can be made long
enough. The amount of this reaction-inhibiting agent is not
limited particularly, and is preferably 10 to 50,000 ppm in a
mass unit based on the composition of the present invention.

In addition, the composition of the present invention may
contain a solvent as the component (D). The use of the solvent
(D) is advantageous since workability in coating is improved,
and appearance of the obtained coating film becomes satis-
factory. Examples of the solvent (D) which is usable on the
composition of the present invention are esters such as methyl
acetate, ethyl acetate, propyl acetate, n-butyl acetate and tert-
butyl acetate; ketones such as acetone, methyl ethyl ketone
and cyclohexanone; aliphatic hydrocarbons such as hexane,
cyclohexane, octane, nonane, decane, undecane, dodecane
and mineral spirit; aromatic hydrocarbons such as benzene,
toluene, xylene, naphthalene and solvent naphtha; alcohols
such as methanol, ethanol, tert-butanol, iso-propanol and eth-
ylene glycol monoalkyl ether; cyclic ethers such as tetrahy-
drofuran, tetrahydropyran and dioxane; dimethyl sulfoxide,
and a mixture thereof.

The curable fluorine-containing polymer composition of
the present invention can be a coating composition as it is or
in the form of a blend with other additives. Examples of the
additives are, for instance, usual additives for coating such as
a pigment, pigment dispersant, thickener, leveling agent,
defoaming agent, film forming aid, ultraviolet absorber,
HALS (photo-stabilizer), flatting agent, filler, colloidal silica,
antifungal agent, silane coupling agent, anti-skinning agent,
antioxidant, flame retardant, antisagging agent, antistatic
agent, and rusting-preventive agent.
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The curable fluorine-containing polymer composition of
the present invention is quickly cured at relatively low tem-
peratures by hydrosilylation reaction and the obtained cured
article has high weather resistance, and is excellent in stain-
proofing property, chemical resistance, optical properties,
mechanical properties, adhesion to a substrate and resistance
to thermal yellowing. Therefore, the composition can be used
as a coating, like usual curable compositions, for indoor use
for building materials and interior materials and for outdoor
use for building materials, automobiles, airplanes, ships and
trains, and can be coated directly on metals, concrete and
plastics or can be over-coated on undercoats such as wash
primer, rust-preventive coating, epoxy coating, acrylic resin
coating and polyester resin coating. Further, the composition
can be used as a sealing material and a film forming agent.

EXAMPLE

The curable fluorine-containing polymer composition of
the present invention is then explained in detail by means of
examples and comparative examples. In examples, measur-
ing methods are as follows.

(NMR Analysis)

NMR measuring equipment: available from BRUKER

'H-NMR measuring condition: 300 MHz (tetramethylsi-

lane=0 ppm)

1°F_-NMR measuring condition: 282 MHz (trichlorofluo-

romethane=0 ppm)
(Elemental Analysis)

Measuring equipment: CHN CORDER available from Jay
Science Kabushiki Kaisha and Ion Analyzer 901 available
from Orion Research Kabushiki Kaisha
(Infrared Absorption (IR) Analysis)

Measuring equipment: available from Perkin Elmer Co.,
Ltd.

Measuring conditions: After coating a reactive liquid on a
NaCl plate and drying it, spectrum analysis is carried outin a
region of from 4,000 cm™" to 400 cm™".

(Hydroxyl Value and Acid Value)

Calculated from composition obtained by NMR and
elemental analyses.

(Number Average Molecular Weight)

Measuring device: GPC (Model HLC-8020) available
from Toso Kabushiki Kaisha

Measuring conditions: Three TSKgel:GMHXL, one
G2500HXL and one GRCXL-L are used as columns. Tet-
rahydrofuran is used as an eluate, and polystyrene, a molecu-
lar weight of which is known, is used as a reference sample.
(Glass Transition Temperature Tg)

Tg is determined at 2" run by a mid-point method using a
DSC measuring equipment 7 Series available from Perkin
Elmer Co., Ltd. according to ASTM E1356-98.

Measuring Conditions

Temperature elevating rate: 10° C./min

Amount of sample: 10 mg

Heat cycle: from 25° C. to 150° C., heating, cooling, heat-

ing

In addition, pencil hardness, bending property and solvent
resistance of a coating film are evaluated as follows.

(Pencil Hardness)

Evaluated according to JIS K5600.
(Bending Property)

Bending property of a coating film is evaluated according
to the following criteria by bending a coated plate at a bend
angle of 180 degrees according to the T-bend test method.
Figures on the left of T indicate a value obtained by subtract-
ing 1 from the number of bending cycles.
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OT: bending once

1T: bending twice

2T: bending three times
3T: bending four times
(Solvent Resistance)

After rubbing a coating film 100 times with a cotton cloth
impregnated with methyl ethyl ketone, a state of the coating
film surface is evaluated with naked eyes by the following
criteria.

5: No change is found.

4: Gloss is somewhat decreased.

3: Swelling of a coating film occurs, and significant loss of
gloss is found.

2: About a half or more of a coating film is dissolved.

1: The whole coating film is dissolved.

SYNTHESIS EXAMPLE 1

Into a 6,000 ml stainless steel autoclave were poured 2,500
g of n-butyl acetate, 520.5 g of Veo Va9 (hereinafter referred to
as “VV9”) and 129.5 g of 4-hydroxybutyl vinyl ether
(HBVE), and after cooling the autoclave to 5° C., a step for
replacing the inside of the autoclave with nitrogen gas under
reduced pressure was repeated three times. Lastly, the inside
pressure was reduced again and 492.0 g of tetrafluoroethylene
(TFE) was introduced in the autoclave. The mixture was
heated up to 62.0° C. with stirring, and 28.38 g of PERBU-
TYL PV (trade name of peroxide polymerization initiator
available from NOF CORPORATION) to start polymeriza-
tion. When the inside pressure of a reactor decreased from 1.5
MPa-G to 0.4 MPa-G, the reaction was terminated. Polymer-
ization yield was 98.0%. According to *°F-NMR, *H-NMR
and elemental analyses, the obtained fluorine-containing
polymer was a fluorine-containing copolymer (1) comprising
47% by mole of repeating unit derived from TFE and repre-
sented by the formula:

—CF,—CF,—,

38% by mole of repeating unit derived from VV9 and repre-
sented by the formula:

—CH,—CH—
0—C—CgH,,

¢}

and 15% by mole of repeating unit derived from HBVE and
represented by the formula:

—CH,—CH—
O— (CH,);—OH

and its number average molecular weight Mn was 11.0x1,
000. Also, its glass transition temperature Tg was 30° C., and
its hydroxyl value was 63 mgKOH/g.

Next, into a 300 ml 4-necked flask equipped with a stirrer
and subjected to replacement with nitrogen gas were poured
188.5 g of n-butyl acetate solution of the obtained fluorine-
containing copolymer (1) and 5.25 g of allyl isocyanate, and
the flask was held at 80° C. for about 20 hours with stirring
and then its concentration was adjusted to prepare a n-butyl
acetate solution containing 40% by mass of a fluorine-con-
taining polymer (I) comprising 47% by mole of repeating unit
represented by the formula:

—CF,—CFr—,
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38% by mole of repeating unit represented by the formula:

—CH,—CH—

O_C_C3H17

and 15% by mole of repeating unit represented by the for-
mula:

—CH,—CH—

O—(CH,);—0—C—N—CH,—CH=CH,

SYNTHESIS EXAMPLE 2

Into a 6,000 ml stainless steel autoclave were poured 2,500
g of n-butyl acetate, 493.5 g of vinyl pivalate (VPi) and 133.7
g of 4-hydroxybutyl vinyl ether (HBVE), and after cooling
the autoclave to 5° C., a step for replacing the inside of the
autoclave with nitrogen gas under reduced pressure was
repeated three times. Next, the inside pressure was reduced
again, and 201 g of isobutylene (IB) and 467.1 g of tetrafluo-
roethylene (TFE) were introduced in the autoclave. The mix-
ture was heated up to 80.0° C. with stirring, and 36.0 g of
PERBUTYL 355 (trade name of peroxide polymerization
initiator available from NOF CORPORATION) to start the
polymerization. When the inside pressure of a reactor
decreased from 2.0 MPa-G to 0.4 MPa-G, the reaction was
terminated. Polymerization yield was 98.0%. According to
F-NMR, 'H-NMR and elemental analyses, the obtained
fluorine-containing copolymer was a fluorine-containing
copolymer (2) comprising 47.0% by mole of repeating unit
derived from TFE and represented by the formula:

—CF,—CFr—,

40.8% by mole of repeating unit derived from VPi and rep-
resented by the formula:

—CH,—CH—
0—C—C(CHy);

¢}

and 12.2% by mole of repeating unit derived from HBVE and
represented by the formula:

—CH,—CH—

O—(CH,);—OH

and its number average molecular weight Mn was 12.0x1,
000. Also, its glass transition temperature Tg was 32° C., and
its hydroxyl value was 60 mgKOH/g.

Next, into a 300 ml 4-necked flask equipped with a stirrer
and subjected to replacement with nitrogen gas were poured
188.6 g of n-butyl acetate solution of the obtained fluorine-
containing copolymer (2), 23.9 g of n-butyl acetate and 5.0 g
of allyl isocyanate, and the flask was held at 80° C. for about
20 hours with stirring and then its concentration was adjusted



US 9,127,114 B2

17

to prepare a n-butyl acetate solution containing 40% by mass
of a fluorine-containing polymer (II) comprising 47.0% by
mole of repeating unit represented by the formula:

—CFy—CFy—,

40.8% by mole of repeating unit represented by the formula:

—CH,—CH—
O—Cl—C(CHs)s
0

and 12.2% by mole of repeating unit represented by the
formula:

—CH,—CH—
O—(CH2)4—O—ﬁ—N—CHZ—CH=CH2
0O H
SYNTHESIS EXAMPLE 3

Into a 100 m1 3-necked flask was poured 50 g of an aqueous
solution of 20% by mass NaCl, and the solution was cooled to
-15° C. Then, by adding 1.05 g of Na,O, to the solution, its
temperature increased to —10° C. The solution was cooled
againto —-15°C., and 4.91 g ofa compound represented by the
formula:

(CH,);,C—OCH,CF,COCI

was added thereto dropwise. After completion of the addition,
stirring was continued for 30 minutes while cooling to —15°
C. Then, thereto was added 5.0 ml of 1,1,2-trichloro-1,2,2-
trifluoroethane cooled to —15° C., followed by stirring for
another 30 minutes. Soon after allowed to stand, the mixture
was separated into two layers. By collecting a white suspen-
sion of the lower layer, 6.0 ml of a solution was obtained. A
concentration of the obtained peroxide measured by an iodo-
metric titration method was 134 mg/ml.

A 100 ml stainless steel reactor was cooled to —=50° C., and
4.6 ml of the 1,1,2-trichloro-1,2,2-trifluoroethane solution of
the peroxide was poured in the reactor. After the inside of the
reactor was replaced with nitrogen gas, 10.9 g of hexatluoro-
propylene and 6.5 g of vinylidene fluoride were poured in the
reactor. The stainless steel reactor was subjected to shaking at
20° C. for 2.5 hours for carrying out polymerization. The
inside pressure of the stainless steel reactor decreased from
1.28 MPa-G to 1.17 MPa-G. After completion of the polymer-
ization, by evaporating unreacted monomers and 1,1,2-
trichloro-1,2,2-trifluoroethane, 4.2 g of a liquid polymer (a)
was obtained. According to NMR analysis, the polymer was
one comprising repeating unit derived from vinylidene fluo-
ride and represented by the formula:

—CH,—CF,—
and repeating unit derived from hexafluoropropylene and
represented by the formula:

—CF,—CF(CF3)—

in a molar ratio of 76.5:23.5.

To the obtained liquid polymer (a) was added trifluoroace-
tic acid in the same mass amount as the polymer, followed by
2-hour heating at 70° C. After the reaction, washing with
water and then drying were conducted to obtain 3.5 g of a
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liquid polymer (b). As a result of NMR and IR analyses, it was
found that the tert-butoxy group at the end of the liquid
polymer (a) had been converted to hydroxyl group in the
liquid polymer (b).

After adding 1.0 g of allyl isocyanate to 3.5 g of the
obtained liquid polymer (b) and conducting reaction at nor-
mal temperature for 24 hours, the mixture was heated to 100°
C.to complete the reaction. Further, the mixture was heated to
100° C. under reduced pressure to evaporate and remove
excessive allyl isocyanate and prepare a fluorine-containing
polymer (IIT). As a result of NMR and IR analyses, it was
found that the both ends of the trunk chain had been converted
from hydroxyl groups to allyl groups. The fluorine-contain-
ing polymer (II1) had flowability at normal temperature, and
its number average molecular weight was 5,400.

EXAMPLE 1

To 100 parts by mass of the n-butyl acetate solution con-
taining 40% by mass of the fluorine-containing polymer (I)
and prepared in Synthesis Example 1 were added 4.2 parts by
mass of a siloxane compound represented by the average unit
formula:

{H(CH3)2SiOl/2}0.63(Sio4/2)0.37

{this amount is one giving 1.0 mole hydrogen atom bonded to
silicon atom in this component based on 1 mole of allyl group
in the fluorine-containing polymer (I)} and a solution of
1,3-divinyltetramethyldisiloxane complex of platinum in 1,3-
divinyltetramethyldisiloxane (in an amount giving 50 ppm of
platinum atom based on the mass of the whole composition),
and then the mixture was sufficiently mixed. Thus, a curable
fluorine-containing polymer composition was prepared.

This curable fluorine-containing polymer composition was
coated as a clear coating on an aluminum sheet (JIS H4000A-
1050P AM-713) (0.2 mm thick) by Mayer Rod coating, fol-
lowed by 4-minute drying for curing at 230° C. with a hot air
dryer to prepare a coated sheet having a coating thickness of
about 20 um. Pencil hardness, bending property and solvent
resistance were evaluated by using this coated sheet. The
results are shown in Table 1.

EXAMPLE 2

To 100 parts by mass of the n-butyl acetate solution con-
taining 40% by mass of the fluorine-containing polymer (II)
and prepared in Synthesis Example 2 were added 5.0 parts by
mass of a siloxane compound represented by the formula:

CH;
CH,=—C— C—O0— (CH,);—Si{0Si(CH;),H}3

e}

(This amount is one giving 1.0 mole of hydrogen atom
bonded to silicon atom in this component based on 1 mole of
allyl group in the above-mentioned fluorine-containing poly-
mer (II)) and 1,3-divinyltetramethyldisiloxane solution of
1,3-divinyltetramethyldisiloxane complex of platinum (in
such an amount giving 50 ppm of platinum atom based on the
mass of the whole composition), and then the mixture was
sufficiently mixed. Thus, a curable fluorine-containing poly-
mer composition was prepared.

This curable fluorine-containing polymer composition was
coated as a clear coating on an aluminum sheet (JIS H4000A-
1050P AM-713) (0.2 mm thick) by Mayer Rod coating, fol-
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lowed by 4-minute drying for curing at 230° C. with a hot air
dryer to prepare a coated sheet having a coating thickness of
about 20 um. Pencil hardness, solvent resistance and bending
property were evaluated by using this coated sheet. The
results are shown in Table 1.

EXAMPLE 3

To 100 parts by mass of the n-butyl acetate solution con-
taining 40% by mass of the fluorine-containing polymer (II)
and prepared in Synthesis Example 2 were added 4.4 parts by
mass of a siloxane compound represented by the formula:

CH5Si{OSI(CH,),H} 5

{this amount is one giving 1.0 mole of hydrogen atom bonded
to silicon atom in this component based on 1 mole of allyl
group in the above-mentioned fluorine-containing polymer
(ID} and a solution of 1,3-divinyltetramethyldisiloxane com-
plex of platinum in 1,3-divinyltetramethyldisiloxane (in such
an amount giving 50 ppm of platinum atom based on the mass
of the whole composition), and then the mixture was suffi-
ciently mixed. Thus, a curable fluorine-containing polymer
composition was prepared.

This curable fluorine-containing polymer composition was
coated as a clear coating on an aluminum sheet (JIS H4000A-
1050P AM-713) (0.2 mm thick) by Mayer Rod coating, fol-
lowed by 4-minute drying for curing at 230° C. with a hot air
dryer to prepare a coated sheet having a coating thickness of
about 20 um. Pencil hardness, solvent resistance and bending
property were evaluated by using this coated sheet. The
results are shown in Table 1.

EXAMPLE 4

To 100 parts by mass of the n-butyl acetate solution con-
taining 40% by mass of the fluorine-containing polymer (II)
and prepared in Synthesis Example 2 were added 6.1 parts by
mass of a siloxane compound represented by the average unit
formula:

{H(CH3)2SIO 12 }O.G{CGHSS iO.’:/2 }0.4

{this amount is one giving 1.0 mole of hydrogen atom bonded
to silicon atom in this component based on 1 mole of allyl
group in the above-mentioned fluorine-containing polymer
(ID} and a solution of 1,3-divinyltetramethyldisiloxane com-
plex of platinum in 1,3-divinyltetramethyldisiloxane (in such
an amount giving 50 ppm of platinum atom based on the mass
of the whole composition), and then the mixture was suffi-
ciently mixed. Thus, a curable fluorine-containing polymer
composition was prepared.

This curable fluorine-containing polymer composition was
coated as a clear coating on an aluminum sheet (JIS H4000A-
1050P AM-713) (0.2 mm thick) by Mayer Rod coating, fol-
lowed by 4-minute drying for curing at 230° C. with a hot air
dryer to prepare a coated sheet having a coating thickness of
about 20 um. Pencil hardness, solvent resistance and bending
property were evaluated by using this coated sheet. The
results are shown in Table 1.

EXAMPLE 5

To 100 parts by mass of the n-butyl acetate solution con-
taining 40% by mass of the fluorine-containing polymer (II)
and prepared in Synthesis Example 2 were added 4.5 parts by
mass of a siloxane compound represented by the formula:

CeH,3Si{OSI(CHy),H}
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{this amount is one giving 1.0 mole of hydrogen atom bonded
to silicon atom in this component based on 1 mole of allyl
group in the above-mentioned fluorine-containing polymer
(ID)} and a solution of 1,3-divinyltetramethyldisiloxane com-
plex of platinum in 1,3-divinyltetramethyldisiloxane (in such
an amount giving 50 ppm of platinum atom based on the mass
of the whole composition), and then the mixture was suffi-
ciently mixed. Thus, a curable fluorine-containing polymer
composition was prepared.

This curable fluorine-containing polymer composition was
coated as a clear coating on an aluminum sheet (JIS H4000A-
1050P AM-713) (0.2 mm thick) by Mayer Rod coating, fol-
lowed by 4-minute drying for curing at 230° C. with a hot air
dryer to prepare a coated sheet having a coating thickness of
about 20 um. Pencil hardness, solvent resistance and bending
property were evaluated by using this coated sheet. The
results are shown in Table 1.

COMPARATIVE EXAMPLE 1

To 0.1 g of the fluorine-containing polymer (III) prepared
in Synthesis Example 3 and subjected to heat treatment at
180° C. for seven hours were added 0.0157 g of a methylhy-
drosiloxane/dimethylsiloxane copolymer (trade name: HMS-
301, product of GELEST, INC., number average molecular
weight: 1,900 to 2,000, methylhydrosiloxane: 25 to 30% by
mass based on the copolymer) and 0.0080 g of a 0.06%
toluene solution of platinum catalyst [prepared by diluting
trade name PT-VTSC-12.0VTS (available from OMG Pre-
cious Metals Japan) to 1/200 with toluene], followed by mix-
ing at 50° C. for two hours to prepare a curable fluorine-
containing polymer composition.

This curable fluorine-containing polymer composition was
coated as a clear coating on an aluminum sheet (JIS H4000A-
1050P AM-713) (0.2 mm thick) by Mayer Rod coating, fol-
lowed by 4-minute drying for curing at 230° C. with a hot air
dryer to prepare a coated sheet having a coating thickness of
about 20 um. Pencil hardness, solvent resistance and bending
property were evaluated by using this coated sheet. The
results are shown in Table 1.

TABLE 1

Classification

Ttems Comparative

Characteristics of Present Invention Example
coating film Ex.1 Ex.2 Ex.3 Ex.4 ExS5 Com. Ex. 1
Pencil hardness 2H 2H 2H 2H 2H 6B
Bending property 1T oT 0T 0T 0T oT
Solvent resistance 4 4 4 4 4 4
INDUSTRIAL APPLICABILITY

The curable fluorine-containing polymer composition of
the present invention is quickly cured at relatively low tem-
peratures by hydrosilylation reaction and provides a coating
film having high hardness, excellent solvent resistance and
flexibility.

Also, since the obtained cured article has high weather
resistance and is excellent in stain-proofing property, chemi-
cal resistance, optical properties, mechanical properties,
adhesion to a substrate and resistance to thermal yellowing,
the composition can be used as a coating, like usual curable
compositions, for indoor use for building materials and inte-
rior materials and for outdoor use for building materials,
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automobiles, airplanes, ships and trains by coating it directly
on metals, concrete and plastics or by over-coating on under-
coats such as wash primer, rust-preventive coating, epoxy
coating, acrylic resin coating and polyester resin coating.
Further, the composition can be used as a sealing material and
a film forming agent.

The invention claimed is:

1. A curable fluorine-containing polymer composition

comprising:

(A) a fluorine-containing polymer comprising repeating
units derived from a fluorinated ethylenic monomer and
repeating units derived from a non-fluorinated ethylenic
monomer, in which a part or the whole of the repeating
units derived from the non-fluorinated ethylenic mono-
mer is a repeating unit represented by the formula:

Rl
—CH,—C—

R*—X—R?

wherein R! is hydrogen atom or methyl; R* is alkenyl group,
aryl group having alkenyl group, or aralkyl group having
alkenyl group; X is a group represented by —C(O)NH—; R*
is a group represented by —O—, —O(CH(R®)),,0—,
—(CH,),,0—, —OC(O)»—(CH,),,0— or
—(CH,),,0C(0)—(CH,),0—, where R* is a group repre-
sented by —H, —OH, —CH,OH or —O—X—R?, wherein
in the formula, R and X are as defined above, “m” is an
integer of 1 to 10, and “n” is an integer of 1 to 10,
(B) a siloxane compound having hydrogen atom bonded to
silicon atom, and
(C) a catalyst for hydrosilylation reaction,
wherein the fluorine-containing polymer (A) is a fluorine-
containing polymer obtained by reaction of a fluorine-
containing polymer (Al) comprising repeating units
derived from a fluorinated ethylenic monomer and
repeating units derived from a non-fluorinated ethylenic
monomer, in which a part or the whole of the repeating
units derived from the non-fluorinated ethylenic mono-
mer is a repeating unit represented by the formula (A1):

Rl
—CH,—C—
RS

wherein R' is hydrogen atom or methyl; R® is a group
represented by —OH, —O(CH(R®)),,OH, —(CH,),,
OH, —OC(0)—(CH,),,OH or
—(CH,),,0C(0)—(CH,),[OH, wherein in the formula, R® is
a group represented by —H, —OH or —CH,OH, “m” is an
integer of 1 to 10, and “n” is an integer of 1 to 10, with a
compound represented by the formula:

RZ—Y

wherein R? is alkenyl group, aryl group having alkenyl
group, or aralkyl group having alkenyl group; Y is a
group represented by —NCO,

wherein the fluorine-containing polymer (Al) is obtained
by polymerization of a monomer giving the repeating
unit of the formula (A1),

wherein the siloxane compound (B) is a siloxane com-
pound (B1) represented by the formula:

R%,Si(OR'9),.,
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wherein R° is an un-substituted monovalent hydrocarbon
group, an organic group having (meth)acryl group or an
organic group having epoxy group; R'° is a monovalent
hydrocarbon group having no ethylenic carbon-carbon
double bond or a diorganosilyl group (b2) represented
by the formula:

—SiR%,H

wherein R® is a monovalent hydrocarbon group which has
1 to 10 carbon atoms and does not have ethylenic car-
bon-carbon double bond;

at least two R'%s in one molecule are said diorganosilyl
groups (b2); “b” is an integer of 1 or 2; or

a siloxane compound (B2) represented by the formula:

R, 1(R*0)3 1 Si—RM—SIR% 5(OR )3

wherein R” is a substituted or un-substituted monovalent
hydrocarbon group, an organic group having (meth)
acryl group or an organic group having epoxy group; R*°
is as defined above; R'! is an un-substituted divalent
hydrocarbon group; ¢l is an integer of 0 to 3; c2 is an
integer of 0 to 3; both of ¢1 and ¢2 are not 3 at the same
time; or
a siloxane compound (B3) represented by the average for-
mula:

(HR82SIO l/2)d(R8S i03/2)e(s iO4/2)f

wherein R® is as defined above; “d” is a positive number;
“e” is 0 or a positive number; “f” is 0 or a positive
number; d/(e+f) is a number of from 0.5 to 1.9;

when R°“ is an un-substituted monovalent hydrocarbon
group, the siloxane compound (B1) is at least one
selected from the group consisting of CH, (CH,)Si{OSi

(CH:),H},, C;H,Si{OSi(CH,),H};,  C,H,Si{OSi
(CH,),H}s, CsH,3Si{OSi(CH,),H} 5, CgH,;Si{OSi
(CH;),H},,  CH,Si{OSi(CH,),H}; and  (C4Hy),

Si{OSi(CH,),H} ,; and

an amount of hydrogen atom bonded to silicon atom in the
siloxane compound (B) is 0.1 to 20 moles based on one
mole of the monovalent hydrocarbon group having eth-
ylenic carbon-carbon double bond in the fluorine-con-
taining polymer (A), and an amount of the catalyst (C)
for hydrosilylation reaction is a catalytic amount.

2. The curable fluorine-containing polymer composition of
claim 1, wherein the repeating unit derived from the fluori-
nated ethylenic monomer in the fluorine-containing polymer
(A) is a repeating unit derived from at least one monomer
selected from the group consisting of tetrafluoroethylene,
hexafluoropropylene, chlorotrifluoroethylene and triffuoroet-
hylene.

3. The curable fluorine-containing polymer composition of
claim 1, wherein the fluorine-containing polymer (A) is a
fluorine-containing polymer comprising a repeating unit rep-
resented by the formula (1):

—(CF,—CFZ)—

wherein Z is a group represented by —H, —Cl, —F or
—CF;, a repeating unit represented by the formula (2):

Rl
|

—CH,—(C—

RI—X—R?
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wherein R! is hydrogen atom or methyl; R? is alkenyl
group, aryl group having alkenyl group, or aralkyl
group having alkenyl group; X is a group represented
by
—C(O)NH—; R? is a group represented by —O—,
—O(CHRY), 0— —(CH,),0—, —OC(0)}—(CH,),
O— or —(CH,),,0C(0)—(CH,),0—, where R* is a
group represented by —H, —OH, —CH,OH or
—0O—X—R?, wherein in the formula, R? and X are as
defined above, “m” is an integer of 1 to 10, and “n” is an
integer of 1 to 10, a repeating unit represented by the
formula (3):

Rl
—CH,—(C—

(CH,),—O—7R’

wherein R* is hydrogen atom or methyl; “a” is O or 1; R”
is hydrogen atom or a substituted or un-substituted
monovalent hydrocarbon group having no ethylenic
carbon-carbon double bond, a repeating unit repre-
sented by the formula (4):

Rr!

—CH,—(C—

(CH);—O0—C—VR’

wherein R* is hydrogen atom or methyl; “a” is O or 1; R”
is hydrogen atom or a substituted or un-substituted
monovalent hydrocarbon group having no ethylenic
carbon-carbon double bond, a repeating unit repre-
sented by the formula (5):

R! R!

—CH—C—

c—O0—FR’

wherein R's are the same or different and each is hydro-
gen atom or methyl; R” is hydrogen atom or a substi-
tuted or un-substituted monovalent hydrocarbon
group having no ethylenic carbon-carbon double
bond, and a repeating unit represented by the formula

(6):

24
R R!
—CH—C—
5 Il{l

wherein R's are the same or different and each is hydro-
gen atom or methyl,

said fluorine-containing polymer is a fluorine-contain-
ing polymer comprising 1 to 50% by mole of the
repeating unit of the formula (1), 1 to 50% by mole of
the repeating unit of the formula (2), 0 to 98% by mole
of the repeating unit of the formula (3), 0 to 98% by
mole of the repeating unit of the formula (4), 0 to 98%
by mole of the repeating unit of the formula (5), and 0
to 98% by mole of the repeating unit of the formula
(6), when the amount of the whole repeating units
constituting the fluorine-containing polymer (A) is
100% by mole, and

wherein said fluorine-containing polymer comprises at
least one of the repeating units represented by formu-
lae (3) to (6).

4. The curable fluorine-containing polymer composition of
claim 1, further comprising an optional amount of a solvent
D).
5. The curable fluorine-containing polymer composition of
claim 1, which is a coating composition.

6. The curable fluorine-containing polymer composition of
claim 1,

wherein the siloxane compound (B) is a siloxane com-

pound (B1) which is at least one selected from the group
consisting of CH,;(C4Hs)Si{OSi(CH,),H},,
C,H,SI{OSI(CH,)HY,,  C4HoSH{OSI(CH,),H] 5,
C H,;SHOSI(CH, ), H};,  C4H,,SH{OSI(CH,),H},
(CoH2),Si{OSi(CH, ), H},
or
a siloxane compound (B2) which is at least one selected
from the group consisting of
(CH,;),HSi10},8i—C,H,—Si{0Si(CH;),H},,
(CH,),HSi0},Si—CH, ,—Si1{0Si(CH,),H},,
(CH;),HSi0},CH;Si—C,H,—SiCH,{0Si(CH;),H},,
(CH,),HSi0},CH,Si—C H,,—SiCH, {0Si(CH,),
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(CH,),HSi0},Si—C,H,—Si{0Si(C H;),H} 5,
(CoH),HSIO}Si—CH,,—Si{OSI(Cell),H,
(CH,),HSiO0},8i —C;H(OC,H,),,(OC;Hy), OC;Hg—
Si{OSi(CH,),H} 5
wherein in the formula, “m” is an integer of 0 or more, “n”
is an integer of 0 or more, and “m” and “n” are not 0 at
the same time,
or
a siloxane compound (B3) represented by the average for-
mula:

(HR82SIO l/2)d(R8S i03/2)e(s iO4/2)f
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wherein R® is as defined above; “d” is a positive number;
“e”1s 0 or a positive number; “f” is 0 or a positive number;
d/(e+f) is a number of from 0.5 to 1.9.
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